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ABSTRACT

This report briefly summarizes the work
under Contract NObsr-57558 for the three months ending
June 30, 1953. This contract is for the development
of design and producticn techniques of high KVA trans-
mitting types of glass capacitors, case size designation
75 through 95. The philosophy of the design of these
capacitors in glass is discussed, and cogent reasons
advanced for maintaining similarities to present capaci-
tor design. Preliminary work on evaluation of glass
capacitors under the performance requirements of the
contract is reported. "ork so far completed, and work
to bs completed is presemted in bar chart form, and the

rogram for the next reporting interval is outlined,
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CAPACITORS, HIGH KVA TRANSMITTING TYPES, GLASS DIELECTRIC
PURPOSE

The development of the design of trans-
mitting types of glass capacitors with glass as the di=-
electric, and the establishment of manufacturing pro-
cedures for them, is the primary purpose of this contract.
These transmitting types of capacitors follow the mica
designation of case sizes 75 threugh 295, It is intended
that, wherever possible, they will meet the requirements
of Specification JAN-C-5 for mica capacitors., A total
of 175 glass capacitors (25 each of 7 specific ratings)
will be produced on straight line producticn facilities
which will be set up and will be su»oplied for eveluation
to the Bureau of Ships. Statements of the purpose of
this work, end the requirements to be placed on it, are
sst forth in Ships-C-695, 14 Lpril; 1952, which is the
Specification covering this contract. Pertinent portions
of it have been copied in the First Interim Repost of
this developmznt. Refecrence should alsoc be made to the
concurrent development of medium power transmitting

glass capacitors, DA36-039-52-15509,
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CENERAL FACTUAL DATA
Personnel

The following members of the Laboratory
heve spent the designated amount of time on this con-

tract during this reporting period:

Randels, Dr. R. B., Research Lssociate 62 hrs. S e
Fabian, O. ¥., Junior Research Physicist 105 hrs.

Sprague, L. G., research Electrical zZngineer 214 hrs.

Carlton; Mrs. K., Research Assistant 39 hrs. {
Connor, Mrs. E., Junior Research hssistant 183 hrs. :
Engler, Miss B., Junior Research hssistant 83 hrs.

Uncapher, Mrs. L., Junior Research Assistant 47 hrs.

Arnold, ¥rs. M., Laboratory Assistznt 168 hrs.

Gee, G. E., Laboratory hssistant 32 hrs. ;
Smith, Dr. G. P., Senior Resezrch hssociate 98 hrs. :
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3 Detail F:ctual Data

1, Case and mounting of the capacitors.

2

The glzss transmitting capacitors of the high

a

voltage, higli current types to be devzloped and placed in

procuction undcr this contract, will be made of many sealed
units connected togetler. The electrical requiremants dic-
tate thet for the thicknesses of dizlactric of th: order of a 1
few thousandths of e¢n incn wrich are most convenient for this

work, the connection be a scrias-psrallel array, for most of

the snecified ratinss. The ease with which series-connected
dielzctrics cazn be built into a siigle capacitor stack in
gless by including ejuipotcntial plates within the glass
matrix mzkes the idea of coanstruction of such high voltage

stacks & vzary attractive one. This ig <iscussed in some

i A, R WSRO e

detail in ti:e First Interia A2port, and a pcssible design

ot

for such a cepacitor is sketched as Figure 14 of that re-

wort.,

s Al

Tre construction of tiis capacitor reqguires
that s:vercl coanstructional problems be solvid: a geood

tcrminal lug must be zttachzd to the capacitor stack; for

ok

high capeccitances, end for close cecantrol of lower capacitances,

it will e dcsireble to put at lzast two pre-mcasured capaci-

tor stacks in parallel et zacl nosition; and these composite

stz cks must b:zhav: s-ticfactorily. Thurcfore, a provram,

perellel in som: respicts to the concurrent work under the i
“IF Signal CLorps Centrect mentioned abeve, woes carried out to '

solve thzs: problens.
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The type of heavy terminale shown in Figure 13
of the First Interim Ieport for capacitor stacks resulted in
junctions of dissimilar matale in fairly clo
spaces, This has been considered to be unsatiafactory, and
a redesign has been eff:cted in which an aluminum terminal
has been embedded within the ¢lass matrix. The aluminum is
of sufficient thickness to mset mechanical requirements
(.010" to .015%). This thickness introduces an intolerable
amount of stress if the aluminum is ssaled to the glass, se¢
it is prevented from sealing by enclosing it with very thin
foils of aluminum, which do seal. The hszvy lug is held in
place mechaniczlly by shaping it in any desirable manner,
This has included punching holes in it, so that a glass
rivet 1is actually formed, or by indenting or corrugating
it, or a combination of these.

b. Stack assembly.

If two or more stacks are to be pluced in
parallel in an exposed assembly of this kind, they must
either be physically spac2d far enough apart so that
moisture or other extraneous matcrial can not be trarped
betw:en them, or they must he sealed together. Two methods
for this s2aling have been oveclved: by sealing the com-
ponants togeth:=r in the seme furnace in which they were
originally sealed, or by s:aling them together with a
softer, '“soldar glass", thc change in capacitance has

been found to be a nearly n.gligible amcunt, which is
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subject to close control, for either method. Losses on
assembly from voltage failure have 21lso bsen cf negligible
importance.
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esting.

Czpacitors sealed together in pairs as described,
and with lugs of several experimental typss, heave bgsn checkeu
electrically by the usual tests including lif: test, and
mechanically by vibration tests. There werz no failures
in about 4O such composite groups on life test at 85
the standard 1000 houwrs. Thare were no failures with any
of the lug designs tried, for the stendard five hour vi-
bration. A complzte answer to the vibration guestion can
of coursec not be cbtained until completely assembled cepaci-
tors are tested.

The kind of capacitor design discussed zbove
has sev:cral advanteges over thz conventional form of housed
capacitor: it is much lighter in weight, cooling of the
stacks is much more efficient, and it requires less matecrizl.
It also has sevzral disadvantages: it is more fragile, it is
not an =xact counterpsrt of th: crpacitor it is intanded to
replaeca;, and it is not as well adapted to production. This
last item has some imsortonce. If the finished capacitors

are made in the conventional form witl the elements com-

letely 2nclosed by and potted in a2 cylindrical enclosure,

e

these clemants or stacks mey @lso he made in the conventional

n
a

o
]

, in whirh 211 t}- zlactrodes zre active ones.
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@ capacitors under thz pertial sponsorship of Navy Contract

f0bs-5221 can bz adapted for stacks of this kind, but de-
sign of a machine to meke thizlding foil stacks would be

much more cifficult.

The components of such & capacitor are cach
well secled, tizrefors no yokes or clamps are necessary to

ess:re tr-t shifts do not occur in the dielectric layers.,

g i v e

A glass cecsc may be soldered to the conducting cnds, and

no provision nced be mad: for tiic usual gesketting arrange- ?
ment. Tiis means that & much zrestar percentege of the totel l
volume cen be mode cvaileble for tre capacitor 2lements, g
Figure 1 shows a2 skcetch of one CM75 cese. This is compared %

to a cese which could be uscd for glass capacitors. The

= e AR

epproximzte zr:a is s:en to bc about 24 square inches com-
pared to 4. Th2 cepacitor _lemants will of course be
rectzngular, s¢ thet much of the snwzce within « cylindrical
enclosure i3 wasted. If the glass cnclosurc is meds
rectengular or square in cross-scction, thz amount of space
avzilable is sezn to be about 3 squar: inches, if it is made
to f£it within the szme circle., This should allow greater

freedom of wcchonical design.

P 8.7 55, N

2. Dlcectrical design ol c:pocitor componionts.
The :lectricrl cesien of the componznts will i
be simplificd if they ar. of the conv.nticnel typie. &an }

aralysis of th. raquirzmonts 2s dotailed in the First Intcorim

.

‘:} Report shows thet the specifi:d iC voltages for the cups=.cCi-

tors dzcrease markedly as the capocitance increoscse  wvin
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graater howevar, is the decrezse in the specified radio-
fraquency voltages with increase of capccitance. These
in general determine the design because of the desira-
bility of operating the capecitor below the corona veltage
of the components. Dcsigning these capscitors with shield-
ing foil components will result in a large number of aifferent
component designs. If th: scries connections are made out-
side the stacks rather thzn within them, this can be reduced
to a much smaller number.

Tha requirements for CM75 show that the
spacified rediofrecuency power is greatest at 1 megacycle
in the region of 1000 mmfd, and at .3 megecycle in the region
of 10000 mmfd. CY75 canacitors are now being made for initial
studies of their rcdiofrequency behavior under ths specified
conditions, Assuming =n avcrage onset of coronz voltage of
350 to 400 volts for cecpacitors made with dielectric nominally
«»0027" thick, and & safe rating in life test of at least
875 volts AC, reference to Figure 1 of thec First Interim
Raport shows that at 1000 mmf'd the corona voltage determines
the design, and at 10,000 mwmfd the dielectric strength is
the limiting factor. The 1000 mmfd capecitors for test arce
trereforc mede with 8 cepzcitor stacks in series, and trose
et 10,000 mmfd with 5. Test samples are also being na<e at
the maximum cepacitance listzd, 100000 mmfd, with 2 capaci-
tors in scries,

The equilibrium rise in tcmpercture under
specified cperating conditions at rediofrequencies will be

a measure of the operating parer factor of these capacitors.
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The real power generated csn bz inferred from temperature
rise mecasurcments on 2 capocitor case containing a resistor.
s The results for a2 dummy CY75 e¢re shown in Figure 2. The
power necessary to lreat this case, of approximately 33 square
inches exposed arza, to 15°¢C at equilibrium, is about 3.6
watts. Table 1 srows that the spacirications require tinat
the powser foctor must be no grecter than .023 percent under
conditions of grzatest power. Valuzs for the larger case
sizes trzve hazn inferred from thes: results, end cre inciudad
in th2 table for comparison. They will of course be checked
by ectua2l aeasurcnznt on these sizeas.
Table 1
Cese Maximum Capacitance Surfac - atts Maximum
Size Reactive 2zt Maxim. = Arca for 156C Allcwable
Power Power (8a. in.) Rise Power Fector
75 15680va. 1300 mmfd 33 3.6 .00023
80 22200 2400 27, (6.2) (.00028)
1 g 372300 5600 102, (11.1) (.00029)
l 90 59500 2000 W2,  (15.5) (.00026)
‘ 95 122500 5600 284, (31. ) (. 00025)
O
i _
i -




JW 3 L
sl o ! S
ER RS b 900 o230 O g % 0 8 6 < SRR S O
i i 2
i i = j ﬂv.-
. S b .-..“...“ St e
i ’ R, & . E E 1 IJ 5 5 “
: ; L !
i 1 “ " ~ . .
CO S U IS T N 3
" w t ¢ )
; A } ﬁ : e
o ! T ; i ] & '
gt & ! P | ; : .
e = O : o
e i | w : : :
5 .”.‘— ~ ) .%. q t : i N
= ERSNLEE ! : -4 SR PO o U SR OO . e
e T ..Ml e 2 ; o - K
4 mER LT t g ! _Biﬁ.k,.!! G
i 1 i 2 : : : :
£ N I (R TR NS S COTR COUnl P G IR (O ST M= O 3 -t
: @ _ : i = | v
. - = . e TR l;fhvw-z.ﬁ -
; ; Y S
13 Py | dy L

bW

%_ i
!
‘};"“"

i

]
o) ot

+
g
:‘iy’

-
|
o}t
!

|
%
i
|

|

!

|

i

1._-
BE
TDIE8L e
]

i Y
|

i
!
(SRR LT D
k !
o
L
}

4 - v'r‘w. = = s, = p ‘@ Av.:
Bl 6 i . ! f x i
: = 8 T = : 7 =1 ek e Sast e S gt
; . : ot SR J ! ;
! } IO R . . - IO L VO () e e R e
PO SEEE TR % ..m...-#u B l». = = i SR SEaREERtES SR SR AP e 5 : i ~
: .HI ; : ! : .m..reG : ; |
53 LA s S I e e DM LR R, I

= b ny
]
:

Y R P N R E ¢l | “ 4 i u
; ¥ 1 ! 1 . i i 1 ; i :
. ! H @ 3 L i N
e enss ‘M‘ B T ETRE e SRS * (O " C B o -,x w A | | _ ot} ~ e :
BRI P SR TR I . nl
i 2 P 0 P o o I TR T M RTINS N NI T TS B A
AP0 e SR TR B L) S N L I TR o o 00 L S (R T ! S B L I s
. N . G R ; s e SR m . o !
i i i I b ‘ i ! 4 : H 5 i
R ! IO Lo E S G T

-ehpérahme-

o~

Chape

—r——

i-

L% T e @O LWL Y “lie 4w



1.

2.

3.

b

A9 L)

7

) ®Hecessary for performance tests, but to be supplied by Corning Glass

PROJECT PERFORMANCE and SCHEDULE
Contract NObar-57558
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Life tests

Capacitor design
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PROGRAM FOR NEIT INTZRVAL

~

During the next reporting interval we expect
to begin the evaluation of tha rerformance of capacitors in
the scveral capacitance sizes constructed as described in
the bedy of this report. 4additional life test ecuipment
will be designed and constructed for determiniag the

bchavior of componzant stacks as well zos of completed capaci-

tors. The design of the comporents, as well as of the com-
pleted cepecitors will be continusd, and it is hoped that
the generzl design can be defined within this reporting
period. This work will continue to be interrslated with
work on medium power czpacitors sizes 55 through 70, under

DA36~-039-s¢c=15509.
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